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Flemiriger,, Inc. 
Office of Sin Hang Lee, h4.D. 

’ 

160 Haw+yl Lane, Suite 205, Tnuqbull CT 06611 
152 6 P P 03 385-3832 

May 162005 

Sheldon T. Bradshaw, Esq. 
‘FDA Chief Counsel 

c/o Mr. Vincent de Jesus 

, 

Food and Drug Administration @IFS-830) 
5 100 Paint Branch Parkway 
College Park MD 2074Oi3835 Via Federal Express #84288198907~ 

Re: Application: Docket No. 2004Q-0083-Daily consumption of 40 ounces of typical green tea containing, I ) 
7 1 Opg/mL natural (-)-epigallocatechin gallate (EGCG) may reduce the risk of certain forms of cancer.. . . 

Dear Mr. Bradshaw: ‘t 

For your reference, I am enclosing a copy of the most recent review article entitled “Green Tea: Health 
Benefits as Cancer Preventive for Humans” by Hirota Fujiki (1) while you are completing the scientific 
review of my said application. Dr. Fujiki is one ofthe world+recognized authorities on this subject and the 
scientific evidence cited in this review article renders independent support of the green tea qualified 
health claim proposed in my application under Docket No, 2004Q-008,3. Please note the following points 
made in his review. 

1) The term “cancer chemoprevention” was coined by the scientists at the National Cancer Institute in the 
United States in 1976. 

2) Green tea is now an acknowledged cancer preventive in Japan. 

3) The effective cancer preventive amount of green tea is determined to be 10 Japanese-sized cups (about 
120 ml/cup) per day, i.e. 1,200 ml as proposed in the claim under Docket No. 2004Q-0083. 

4) Sencha which means %ose tea leaves ” is the most popular kind of green tea in Japan and the typical 
Sencha contains 7.51% EGCG, as compared to the lower grade of Sencha commonly referred to as 
Hojicha and oolong (partially green) tea which contain 1.68% and 4.67% EGCG respectively. 

[Note: The FDA has the responsibility to .educate the American consumers on this point. The green tea 
leaves to be used for health protection should have at least extractable 7% EGCG. Most people used 1% 
w/v leaf to water ratio to make tea drinks that do not meet the health protection recommendation. ] 

5) Dr. Fujiki derived his primary human study data from Saitama, a traditionally green tea producing and 
consuming region based on the initial introduction of green tea as medicine by a Japanese priest, Eisai, in 
1191 A.D. from China during the Southern Song dynasty (1127-1276 AD.). The capital of China then 
was in Hangzhou. Hangzhou has been known to be the “Capital of Green Tea” in China. 

[Note: Please refer to my application in which I have brought to the atiention of the FDA that the NC1 
specification for “typical”,green tea recommended for cancer research was based on data derived from the 
green tea drink traditionally consumed in Hangzhou, setting 7 10 micrograms/ml EGCG as the standard.] 



I 

6) Cancer onset of patients who had consumed over 10 cups of green tea per day was 7;3 years later 
among females and 3.2 years later among males as compared to those drinking less than three cups per 
day. , 

7) In stage I and II breast &ncer patients, the group consuming over 5 cups per day showed a significantly 
lovr(er recurrence rate and a longer, disease-free period. 8’ 

I hope this enclosed article may serve as supplementary material in. expediting the reviewing process in 
the Office of the Chief Counsel. If you have any question about my  application, please call my  office and 
I will provide an answer immediately. It is disappointing to observe too much half-true information has 
been exploited by many tea vendors to promote their products at the expense of the consumer health. I 
urge the Office of the FDA Chief Counsel to facilitate the decision on the green tea health claim  to guide 
the consumers and the industry without ftiher delay because the American consumers need the FDA 
guidance to select the right kind of tea used for its health benefits. 

A  copy of the FDA Dockets o-fthe year 2004 downloaded from  the Internet has been enclosed (2). 
According to the dates of acceptance for official filing, the next application in line for an FDA decision is 
the green tea qualified health claim  petition under Docket No. 20044-0083. I request the Office of the 
Chief Counsel to observe-the internal rules and regulations of the FDA, if they exist, to make,decision on 
applications according to chronological order unless there is a scientific reason for an exception which I 
should be notified of immediately and be given a chance to respond to. 

Thank you for your attention and cooperation, 

References (copies enclosed) 

(1) Fujiki H. Green tea: Health benefits as cancer preventive for humans. ChemRec. 2005;5:119-132. 
(2) FDA Dockets of the year 2004. 

cc. Dr. Lester Crawford, Acting Commissioner of FDA, Senator Chris 13odd; Senator Joe Lieberman; 
Senator M ike Enzi; Congresswoman Rosa 2. DeLauro; Congressman Christopher Shays; 
Congresswoman Nancy L. :Johnson; Congressman John B. Larson; ,Congressman Rob Simmons; The 
Inspector General, HHS; The U.S. Surgeon General. 
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ABSTRACT: Green tea is an acknowledged cancer preventive in Japan. The aim of this review article 
is to develop the concept ofcancer prevention with green tea beverage for humans, which has largely 
been our exciusive research territory. This paper briefly reviews several topics, beginning with the 
introduction of our initial work on penta-esalloyI-s-r,-glucose and (-)-epigaIbcatecbin galiate 
(EGCG), the main constituent of green tea extract. The mechanisms of EGCG action, particularly 
the reduction of TNF-tx are discussed, and we show how use of ‘H-EGCG revealed a wide range 
of target organs for,cancer prevention. The resuhs of an epidemiological study in Saitama Prefecture 
allowed us to determine the cancer preventive amount of green tea-l 0 Japanese-size cups per day, 
about 2.5 g green tea extract-which made it possible for us ta introduce the two-stage strategy of 
cancer prevention with green tea. The first stage is the d&y of cam& onset for the general popJa- 
tion. The second stage is the prevention of recurrence of cancer for patients following cancer treat- 
ment. Combination cancer prevention with green tea and carzer preventive drugs is proving 
especially beneficial for Japanese, who drink green tea every day. And finally, the stimulating com- 
ments of Prof. Jim V&son have encouraged green tea sciendsts, Q.2005 The Japan ChemicaI Journal 
Forum and Wiley Periodicals, Inc. Chem Ret 5: 119-132; 2005: Published online in Wiley Inter- 
Science (www.interscience.wiley.com) DO1 10.1002/tcr.21)039 

Key words: EGCG; seating effects; 10 Japanese-size cups; combination cancer prevention; 
GADDl53 gene 

Introduction 

Cancer chemoprevention is a relatively new medical strategy 
for cancer prevention, a strategy that was established through 
recent understanding of molecular multistage carcinogenasis in 
humans. The term “cancer chemoprevention” was coined by 
Michael Sporn et al. at the National Cancer Institute in the 
United States in 1976, and defined as the prevention of the 
occurrence of cancer by administration of one or several corn- 
pounds.’ In 1983, when research in cancer chemoptevention 

began in Japan, we sought to identify original Japanese cancer 
preventive agents,’ and Prof. ‘Ihkuo Okuda at the Faculty of 
PharmaceuticaI Sciences, Okayama University, gave us tannins 
or poIyphenoIs derived from medicinal plants and drugs. 
However, a working group of the International Agency for 

- 
) Cwrespondewe to: Himra Fujiki; e-mail: hfujiki@ph.bunri-u.ac.jp 

The Chemical Record, Vol. 5, 119-132 (2005) 
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Research on Cancer (IARC) in France had reported in 1975 
that tannin was a carcinogen3 so we had to determine whether 
Okuda’s ’ polyphenols would act as carcinbgens or non- 
c+rtinogens. Therefore, Okuda’s 30 polyphenols were first 
tested to findsout whether they shared the same phorboi ester 
receptor in a membrane fraction of ;mouse skin as did 12-O 
tetradecanoylphorbol-13-acetate (‘PA), a classic tumor 
promoter (Figure 1).4 

Two polyphenols, penta-Qgalloyl+D-glucose (5GG)- 
which was originally isolated from a gall, ScbisandraeJiwctus 
Land (-)-epigallocatechin gallate (EGCG)-the main 
aonstituent of green tea extract (Figure 2)-inhibited the 
phorbol ester recepror binding with TPA, suggesting that these 
two polyphenols bind to the receptor of tumor promoter.5” In 
addition, 5GG and EGCG also inhibited activation of protein 
kinase C (PKC) by the tumor promoter teleocidin B, a TPA- 
type tumor promoter. 5PG In 1987, we first reported that 
repeated topical applications of 5GG and EGCG inhibited 1 

tumor promotion in two-stage carcinogenesis experiments on 
mouse skin5 results that encouraged u\ to move on ,ro a truly 
significant project, cancer prevention with green tea. 

When theFourth Chemical Congress of North America 
organized rhe Symposium on Cancer Chemoprevention in 
New York in 1991,~ a US scientist announced at a press con- 
ference that green tea extract inhibited lung tumorigenesis in 
mice, but since animal studies often do not have identical 
results in humans, he thought more car&d studies were 
needed, before he could recommend green tea for its health 
effects. But I am from Japan, where Japanese have drunk green 
tea for 800 years, so I made the following comment: “We 
Japanese drink green tea every’day, and I think chat this green 
tea cannot prevent every cancer, but it is the cheapest and most 
practical method of cancer prevention available to the general 
public.” The next day, my comment was reported on the front 
page of USA 7&&y. Since then, I3 years have passed and rest&s 
have built up- Green tea is now an acknowledged cancer pre- 

) In 1961, Dr. Fuji& became u physician at .&y&u University, Japan. Becpwe he jzIr tbut 
his scient@ background at that time was insu@ient, be decided TV study protein cbem$q 
especia&y phylogeny of hemoglobin mokcu’ks> a* &e h&ax-Ph-mck-htitute fir Biochemistry in 
Mwzicb, Germany. Aftr receiving a great &al ofscien@i motivation there, he then moved on 
to study mokcukr biology at the Riohgical Laboratories OfHarvard University, just in time to 
be present at the brrt&ning of mulecukzr biology in the lab of Pm$ Jim Watson. Returning to 
the Max-Phck-hstitute fir Biochemistry he stdied the mechanisms of gene expression for his 
main subject irz Japan, cancer research. 

When be wru 40 years old be started cancer research- at the Nat&& Cancer Center 
Research Insthte in Tokyo, specifically working on tumor promotion and its underlying mecb- 
anisms. His research .on tumor promotion was greatly advanced by collabaratian with distin- 
g&shed scientists of Japan, the U.S.A., and Germany. 

When research-in cancer prevention began in Japan r’n 1383, his group determined to 
identifsl original Japtiese cancer-preventive agents. In co&&oration with &of: Takuo Ok&, 

former Professor at 04zayama University> rbe research grozlp demonstrated that (-)-epiga&ocat- 
e&n gallate (EGCG), the main constituent of green tea,. bound to the pborbol ester receptor 
and inhibited both activation ofprotein kinase Cand Nmor promotion iti two-stage carcino- 
genesis experiments in, mouse skin. This was Dr. FajikiiJivst work with green tea, and the first 
report on EGCG appeared in a new B&i&journal, Pbytc&eTaq Research, in 1987. Further 
development of his st2bdy was conducted at Saibama Cancer Center Research Institute in Japan. 
At the end of Mar& 2&X?, be lef3 Saitama Cancer Center upon reaching the comptihoroly 
retirement age. 

On April I, Zorbz, Dr. Fujiki began working as professor in the Department of Bio- 
chemistry, Faculty ofPbarmaceuticai Scievoces, ToLdlshimd Bnnri University in Japan, and since 
February 2003, be hru served as Vice-Presiderzt oftbis university. He is continuing the study of 
caitcer prevention with gteen tea far the &a&b of bumam. m 

120 8 2005 The Japan Chemicai Journal Forum and Wiley PcriodicaJs, Inc. 
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Fig. 1. Srrucrurrs of rumor promoters, TPA, releocidin B, and okad.aic acid. The C-19 and C-22 of reteocidin B 
shown in a dashed circle~have two variable p&ions, Rand S. 

ventive in Japan,  and  this paper  reviews the development of 
our study of cancer prevention with green tea and the associ- 
ated international response. I am convinced that my comment 
is today more valid and  widely accepted than ever. 

Polyphenois and Phorhol Ester ,Receptor Binding 

Our first test was to examine whether polyphenols shared 
receptor binding with rhe tumor promoter phorbol  ester, TPA, 
because this test required minimum amounts of compounds 
due to the use of radioactive tumor promoter: Most of the 
polyphenols inhibited the specific 3H-TPA binding d&e- 
dependent ly at various EDSo values (effective dose giving 50% 
of the maximal response) for inhibition, but some did not.6 
Thirty polyphenols were roughly classified into four classes 
according to the ED50 values (Figure 3). The El&, value-s of 
TPA as a  control, polyphenols of Classes 1, 2, and  3  were 
5,0nM, 1.7//M, 30@4, and  34OhM, respectively.” Polyphe- 
nols of Class 4  did not bind to the receptor up  to 1  mM. Table 
I lists some representat ives of the 30  polyphenols according to 

this classificatian.6 Since the ED5,, values of the Class 1  
polyphenols ,were about  340  times greater than chat of TPA, 
special attention was paid to Class 1  polyphenols, which 
included penta- OgaIioyE-P-D-glucose (5GG) and (-) -epigal- 
locatechin gallate (EGCG) (Table 1, Figure 2). Structures of 
some representa’tive polyphenols of Classes 2, 3, and  4  are 
shown in Figure 4.,How these Class 1  polyphenols with struc- 
turai,diversity could bind to the same phorbol  ester receptor 
with similar EDSo values was puzzling: we thought at that time 
that they might interact with the phorbol  ester receptor in the 
cell membrane di.fferently from TPA. 

Okuda and his associates had previously reported 
that polyphenols- have the ability to precipitate water- 
soluble protein, such as hemoglobin solution. The precip- 
itability of henioglobin by gcraniin, which is a  representative 
tannin isolated fro,m a  classic Japanese herb, Geranium 
thunbm~i Sieb. et Zucc. (Gennoshoko in Japanese),  was 
thus t&n as a  standard control, and  the potencies of 
various polyphenols were compared with results with 
geraniin: the resulting values were called relative astr ingency to 
geraniin (Figure 5).7 Relative astr ingency to geraniin was 

0 2005 The Japan Chemical Journal Forum and W&y Periodicals, Inc. 121 



, THE CWEMICAL RECORa 

6H , 
Penta-O-gallqrl-&D-glose 

(5GG) 

OH 
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OH 

@Zpig@llocatechin galltlle 
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,Chebulinic acti 

Buddledin A 

Fig. 2. Structures of Class 1 polyphenals, 5GG, EGCG, pedunculagin, chebulinic acid, and buddledin A 

then used to estimate the biochemical effect of polyphe- These results, however, did not clearly show whether 5GG 
nols resulting from polyphenol-protein interaction. Some and EGCC were acting as antagonists inhibiting the action of 
polyphenols, such as SGG and EGCG, showed similar TPA or agonIts activating protein kinase C, as does TPA. To 
values in two parameters, relative astringency and inhi- 
bition of specific binding of 3H-TPA to the receptor 

differentiate between antagonist and agonist action, 5GG and 
EGCG were subjected to a test of activation of protein kinase 

(Figure 5).” C induced by teleocidin, which is a new activator of proteein 

122 Q 2005 The Japan Chemicd Jownal Forum and Wiley Periodicals, Inc. 
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Fig. 3. Classification of polyphenols according zo their EDIo values for inhi- 
bition of specific ‘H-TPA binding to a membrane fraction of mouse skin. 

OH 
I 

Tabie 1. Clk&kation of various polyplsenols by phobl ester 
receptor binding. f 

Class 1 (EDlO = 1.7pM) 
Penra-Ogalloyl-pfi-glucose 
(--)-Epigallocatechin gallate 
Pedtinculagin 
Chebuiinicacid 
Buddledin A 

Class 2 (ED,, = 30 b&f) 
Rugasios D and E 
Coriariin A 
Cornusiin A 
Noborar$n C 

Chs 3 (EDso 2 340 @vZ) 
Tel1imagrand.i~ I 
Tellimagrandin II 

Class 4 (no inhibition) 
Q-Carechin 
Ellagic acid 
Me&y1 @ate 

RugosinD 

R’= O-galloyl, R2= H. R3= galloyl, R4= galloyl 

OH 

HO 

HO 

Tellimagrandin I 

R’= H, R2= galloyl, R3= galloyl Ellagic acid 

Fig. 4. Structures of some represenrarive polyphenols of Classes 2, 3, and 4. 

0 2005 The Japan Chemical Journal Forum and, Wiley Periadicals, Inc. 123 
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Fig. 5. Biochemical effects of polyphenols on relative astringency to geraniin and inhibirion of specific ‘Z-i-TPA 
binding to a membrane fracrion of mouse &in. The precipitabiliry of hemoglobin by g?aniin was taken as a 
standard. 

kinase C:* 5GG and EGCG doseidependently inhibited the 
activation of prorein kinase C, with EDso values of I .4 PM and 
1.2/&l, respectively. 5,6 These results convinced us that 5GG 
and EGCG act as antagonists to phorbol ester, and suggested 
that they inhibit tumor promotion, and are probably not car- 
cinogens. s* This was our first evidence in screening for cancer 
chemopreventive agents. Thus, SGG ‘from hydroiysable 
tannins and EGCG from condensed tannins were selected for 
further study as cancer chemopreventive agents. Before going 
on to experiments with costly EGCG, we conducted the first 
experiment with less expensive 5GG. 

5GG and Its Inhibition of Tumor Promotion 

A two-stage carcinogenesis experiment consisting of initiation 
and tumor promotion is an effective system for evaluating the 
activity of cancer chemopreventive agents. Initiation is usually 
induced by a single application of a subthreshold dose of a car- 
cinogen, which is called an initiator, but a carcinogen induces 
only a mutation, not tumor deveIopment, Treatment with 
an initiator followed by repeated applications of a tumor 
promoter, such as TPA or teleocidin, produces tumors in high 
percentages on mouse skin, usually 90% to 100% by 10 
weeks. An initiator alone or a tumor promoter alone does not 
produce any tumors. 

In studying the processes of the two-stages of carcinogen- 
esis, one notices chat initiation is a rapid and irreversible 
process, while tumor promotion is, a long and reversible 
process. It then follows that inhibition of tumor promotion 
would seem to be the most practical way to benefit humans, 
Thus, we utilize the system of inhibition of tumor promotion 
on mouse skin for the screening of new cancer preventive 
agents. 

To conduct the inhibition of tumor promotion experi- 
ment on mouse skin, we had to obtain the compound in suf- 
ficient gram amounts. Because molar concentrations of SGG 
and TPA for 50% inhibition of phorbol ester recepror binding 

were 1.7@A and 5.0&A, respectively, we thought that 5GG 
would require 1.7 mg per application to I cup TPA, to achieve 
50% inhibition of cumor pramotion. The required amounts ’ r 
of 5GG were obtained from tannic acid through methanoly- 
sis more,quic&y and cheaply in our laboratory than if we had 
used EGCG, and this methanolysis cleaved the depside linkage 
between SGG and the galloyl graup, and resulted in 5GG.’ 

Then 5GG was subjected to a two-stage carcinogenesis 
experiment on the skin of El-&eek-old female CD-l mice. 
Specifically, initiation was performed by a single application of 
lOO& 7,I2-di~~thylb~~z(a~a~t~racene (DMBA), and tumor 
promotion was achieved by repeated applications of 2.51.18 
teleocidin B twice a week. In. the experimental group, 5 mg 
SGG was applied topicthy I5 min before each treatment with 
teleocidin B, In this experiment, we used 5 mg SGG per appli- 
cation because the potency of teleocidin B is comparable to 
that of TI’A. In week 20, the TGG treatment reduced the per- 
centage of tumor-bearing mice from 100% to 53%* and the 
average number of tumors per- mouse from 3.3 to 0.9,‘ which 
strongly encouraged us to pursue an experiment with EGCG 
and to purchase EGCG from a company. 

EGCG and ks Inhibition of Tumor Promotion 

EGCG is the main polyphenolic constituent of green tea 
extract. The EGCG used in rhe experiment was originally iso- 
lated from the leaves of Japanese green tea, Camellia sinensis, 
and the inhibition of tumor promorion was performed in a 
manner similar to that with 566. We were again very much 
encouraged by results like those with 4GG, confirming 
that the constituent of green tea, EGCG, inhibited tumor 
promotion on mouse ski& mediated through the inhibition of 
PKC activation.’ 

We next tested whether EGCG could inhibit tumor 
promotion of another type of ttrmor promoter, okadaic acid 
(Figure l), which is as potent as TPA and teleocidin on mouse 
skin, and a potent inhibitor of protein phosphatases 1 and 2A 

124 Q 2005 The Japan Chemical JournaJ Forum and Wiley Periodicals, inc. 



Sealing Ei%.sts of EGCG 
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Cancer Prevention with Green Tea 
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(WI and PI??&).’ PPl and PP2A are protein serinelthreonink 
phosphatases 1 and 2A: they release the phosphate group from 

’ serinelthreonine phosphoryfated proteins. Okadaic acid binds 
, to eir catalytic subunits and inhibits the activity of PP1 and 

PP $ 1 A (I&s of,3.4 nM and 0.07 nM, respectively). Inhibition 
of PPl and PP2A by okadaic acid induces accumulation of 
phosphorylated #n&ins, an effect similar to activation of PKC 
by TPA or teleocidin. 

Specifically, initiation was performed by,a single applica- 
Lion of lOO& DMBA on mouse skin, and tumor promotion 

, ‘,!’ ’ was achieved by repeated applications‘of 1 .O& ok;idaic acid, 
twice a week. In the experimental group, Smg EGCG-waq 
applied topically before each treatment with okadaic acid. As 
Figure 6 shows, EGCG treatment completely inhibired tumor 
promotion of okadaic acid up to week 20, with regard to the 
percentages of tumor-bearing mice and the average number of 
tumors per mouse.G All the results strongly indicated that 
EGCG inhibited tumor promotion of two tumor promoters 
associated with two different mechanisms of g&on. 

In 1987, we first reported in a new British journal, J%$ 
totherapy Research, that EGCG inhibited tumor promotion on 
mouse skin, suggesting that EGCG and green tea extract were 
cancer preventives. ’ Fortunately, the journal NW Scientist 
reported our paper in an article entitled “Green tea cuts can- 
cerous growth” in its November 1987 issue.‘” After reading the 
article, the TV team for the Australian scientific series “Beyond 
2000” visited us in Tokyo to make a video about our research. 
This &minute video was shown in Australia, the United States, 
and other countries, and since then,’ many scientists have 
joined the study of green tea as a cancer prevcntivc. 

Since EGCG inhibits two different pathways of tumor pro- 
motion;, we studied receptor binding using ‘I-LTPA”’ and 3H- 
okadaic acid,’ r based on evidence that TPA binds to the 
phorbol ester receptor, whereasokadaic acid binds to PP1 and 
PP2A. These two diffizrent receptors are present in a membrane 
fraction of mouse&ii. When mouse skin was treated with a 
single application of 5 mg EGCG, both the specific binding of 
3H-TPA and that of 3H-okadaic acid decreased immediately 
and reached a minimum in 5 to 10 min (Figure 7),s The results 
suggested that when tuqor, promoters had been applied to 
mouse skin chat was at the lowest level of receptor binding, 
EGCG treatment possibly inhibited the interaction of tumor 
promoters with the’ir&ceptors .6 Figure 8 is a schematic illus- 
tration uf the .mechanisms of action of EGCG, which we 
termed the “‘sealing effects” of EGCG.” This was supported by 
evidence that after human iung cancer cell line PC-9 was 
treated with 31-&EGCG in culture and subjected to micro- 
autoradiography, silver grains of ‘H-EGCG appeared in the 
membrahe, cytosol, and nuclei.‘* 

Dr. Shunsaku Kimura and his associates at the Depart- 
ment of Chemistry, Kyoto University, studied the effects of 
EGCG from the physicocbemical viewpoint. I3 EGCC inhib- 
ited PKC activation in the presence of dimyristoylphos- 
phatidylcholine liposome, which indicated that tbe inhibitory 
effects of EGCG are influenced by. the lipid type. Kimura’s 
group also found that the ATP-binding site of PKC is located 
at the membrane surface, which is very close to EGCG in the 
membrane, Ieadiig to a strong inhibition of ATP binding by 

Fig. 6. Inhibirion of mmor promotion an mow skin by EGCG. Groups Fig, 7. Inhibition of specific binding of “H-TPA and %I-okadaic acid to a 
were created with DMBA and okadaic acid (0) and with DMBA and okddc membrane fraction af mouse skin &er a single application of EGCG. 3H- 
acid plus EGCG (a). TPA ce) and %-&ad&c acid (0). 

0 1 2 3 4 
Hours after application 
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, TNF-a 
Growth factors 1 

Fig. 8. A schematic illwration of the m&hanisms of action of EGCG, the 
“sealing effects” of EGCG. 

EGCG. Since TPA acts as a boundary lipid, it is now thought 
that TPA and EGCG bind competitively to PKC in the lipid 
bilayer membrane. The group also studied the effects of EGCG 
on PP2A activity. EGCG recovered ihhibition of M’Q4 activ- 
ity by okadaic acid, suggesting that EGCG forms aggregates in 
a buffer solution, All the results confirmed the sealing ef&s 
of EGCG on proteins, both directly and indirectIy.‘3 

Green Tea Extract 

Green tea is a non-oxidized, non-fermented product contain- 
ing at least four tea polyphenols, (,-)lepigallocatechin (EGG), 
EGCG, (-)-epicatechin (EC), and,’ (-)-epicatechin gallare 
(ECG) on HPLC (Figure YA). The usual composition is 
lo-1.5% EGCG, 6-10% EGC, 24% ECG, and 2% EC. 
EGCG is the main constituent of green tea extract, and the 
highest peak on HPLC is caffeine. In Japan, there are mtmer- 
ous types of green tea, including sencha and hojicha. Sencha 
is the most popular kind of green tea in Japan, and hajicha is 
tea made from roasted bancha leaf which is the lowest grade 
of sencha. Table 2 shows the composition of green tea polyphe- 
nols in sencha compared with that in: hojicha: sencha cdntains 
5 times more tea polyphenols than inexpensive hojicha, but 
contains the same amount of caffeine. Oolong tea is the par- 
tially oxidized fermented product (Table 2), and black tea is 
the fermented product containing more rhea&vim and 
thearubigins (Figure YB) than catechins, and fewer poiyphe- 
nols. These teas are also derived from the same piant, Camel- 
lia sinensis. Various green tea polyphenols dose-dependently 
inhibited the growth of the human lung cancer celi line~PC- 
9, with the order of potency being ECG, EGCG? and EGC. 
Epicatechin, EC, was not effective here. The number of’viable 
cells was counted by use OF the trypan blue dye exclusion 
test and the number of non-treated cells was taken as 100% 
(Figure 10).r2 

126 

Dr. jMasami Suganuma, my colleague at Saitama Cancer 
Center discovered the synergistic .enhancement of EC, an 
inactive tea polyphenol, with,EGCG, in an experiment with 
sH-EQCG incorporat’ ton into PC-Y cells (Figure ll).‘* EC 
enhanced3H-EGCG incorporation into the cells by 1.5 times, 

1 , 
, , 1 

suggesting that the presence of EC facilitates ‘H-EGCG incor- 
poration into cells.‘In addition, Dr.,Suganuma found that EC 
also enhanced incorporation of EGG and EGC into cells in a 
manner similar ,ta EGCG. The synergistic effects of EC with 
green te:, polyphenols were also proved by three criteria: induc- 
tion of apoptosis in~PC-9 cells, growth inhibition of PC-9 cells, * ; 
and inhibition of tumor necrosis factor-a (TNF-a) release ’ ’ ’ : 
from BALB/3T3 cetls induced by okadaic acid. l4 BALBf3T3 
cell is a cultured cell line of fibroblasts~obtained from fetal 
mouse of~BALB/G: strain. These results strongly indicated that 
a mixture of green tea extract, i.e., whole green tea, is a more 8 t 

8’ 

effective and practical cancer preventive than EGCG alone. , 

Gamer Prewktive fhtivity 

Cancer prevenrive activity can be understood by inhibition of 
tumor promotion in a two-stage carcinogenesis experiment, as 
reported previously. Wowever, because animal experiments are 
tedious and time-consuming, we usually look at biological and 
molecular markers, such as T?P-a gene expression and TNF- 
c1 release from cells, which are induced by a .tumor promoter 
in celis and are essential for tumor promotion in viva. We can 
.&us determine the activity of the markers in an in vitro cell 
culture system, and quantiratively evaluate the inhibitory 
potency of a molecular marker: rhis is the cancer preventive 
activity. 

Although the study of tumor promotion in rodent car- 
cinogenesis using TPA and okadaic acid has revealed two dif- 
ferent pathways of tumor promotion, application of TPA and 
okadaic acid both induced TNF-a gene expression in mouse 
skin.‘s This is why cancer is sometimes called a TN&x disease 
or a NF-KB disease: the proi&ammatory cytokine TNF-a is 
an endogenous tumor promoter that induces NF-KB activa- 
tion, Ieading to ceil’proliferation.‘“” In the light of this evi- 
dence, we obtained results showing that numerous inhibitors 
of tumor promotion inhibited both TNF-rrgene expression 
and TNF-ol release? resulting in a reduction of the amount of 
this endogenous tumor promoter in cancer cells and sur- 
rounding tissues, leading to growth inhibition of cancer. i5 Life- 
style related diseases, such as rheumatoid arthritis and other 
autoimmune diseases art; also thought to be TNF-a or NF-rl3 
diseases, so in this section I will discuss the cancer preventive 
activity of green tea in relation to TNF-tr reduction. 

We decided to quantitatively measure inhibition of TNF- 
a release from cells treated with okadaic acid, rather than 
inhibition of XN1;“-a gene expression and NF-~3 activation 
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TabIe2. Thecotnposit~~nofgreen teapol$imolq invarious tes. (%) 

EGCG EGC ECG ’ EC Total ’ Caffeine 

Sencha 7.51 0’ 3.81 1.43 0.86 13.61 2-62 
Hojicha 1.68 0.56 0.56 0.16 2.96 2.OG 
Oolong tea 4.67 1.74 0.88 5.33 7.62 2.28 

Tea Experiment Station of Saitama Prefecture 

Sencha: The most popular kind of green tea in Japan. 
Hojicha: Tea made from roasted ban& leaf, which is the Idwest grade of 
sencha 
Oolong tea: Leaves are partially oxidii. ’ 

0 1 10 100 -1000 

Concentration (PM) 

Fig. 10. Growth inhibition of human lung caxe; cell Iine PC-9 by green tea 
polyphenols. PC-Y cells (2 X 1 O’/ml) were &eatc$with various concentrations 
of ECG (e), EGCG (O), EGC (A), or EC (4)’ for 3 days. The number of 
viable cells was expressed by means of the dye exclusion method. SD was 
deleted from the original figu~e.‘~ 

directly.*’ ECG, EGCG, and EGC dose-dependently inhibited From the above-mentioned systemic effects’ of EGCG and 
TNF-a release from human stomach cancer cell line, KATO green tea, we assumed that,EGCG and green tea polyphenols 
III, treated with okadaic acid, whereas EC did not.‘* Although are easily distributed from the digestive tract to various organs, 
EC is an inactive polyphenol, cotreatment with EC and where. they induce anticarcinogenic effects. To prove this, we 
EGCG, and EC and other tea polyphenols, synergistically obtained 3H-EGCG with a specific activity of 48.1 GBq/ 
enhanced inhibition of TNF-cx release, as mentioned previ- mmol. 4(n)-[“H](-)-EGCG was labeled with tritium gas by 
0us1y.‘~ It is interesting to note that inhibition of TNF-a Amersham, Aylesbury, UK,” and the positions labeled with ‘H 
release from KATO III cells by green tea polyphenols is very were found in one of the aromatic rings estimated from 
similar to that of growth inhibition of PC-9 cells by them, the “H-NMR (Figure 11). It was fortunately a very stable 
as shown in Figure 9.” We believe that inhibition of TNE-a: compound,,which was also used for the study of 3H-EGCG 
gene expression correlates well with inhibition of cancer cell incorporation into PC-9 cells and that of microautoradiogra- 
growth.‘* phy of 3H-EGCG in the cells, as previously reported.” 

The important features of EGCG and green tea extract as 
cancer preventives should be briefly summarized.23-2n I. 
EGCG and green tea extract are non-toxic for rodents and 
humans. 2. They have a wide range of target organs, such as 
the digestive tract including esophagus, stomach, duodenum, 
and colon, plus liver, lung, pancreas, and skin. Recently, breast, 

3H-EGCG was administered into rhe mouse stomach, and 
within 24 h of administration, 6.6% of total administered 
radioactivity was excreted in urine and 37.7% in feces. Twenty- 
four hours after incubation, various amounts of the total 
administered radioactivity were found in the digestive tract, 
liver, brain, kidney, lung, pancreas, and skin. The results 

OH’ 
3n~-)-EpigaUocatechio gatlate 

Fig. Il. Suucwe of “H-EGCG. *Potential ‘W labeled positions were 
estimated by jH NMR. 

bladder, and prostate have been added to the list.a”s This wide ” 
range of targer organs makes green tea significantly different ,I 1 
from standard cancer preventive drugs. 3. They have inhibitory 
effects on growth of cancer cells associated with GalM arrest , 
in human lung cancer cell line, PC-9.” 4. EGCG in drinking 
water showed inhibitory effects on lung metastasis of BIG 
melanoma ce1ls.27 

In 1994, the I$ew Sk Times reported the cancer preven- 
tive effects of’green tea in a story entitled “Green tea, more 
than just a soothing brew.” This article was supported by a 
report from Shanghai rhat green tea may reduce the incidence 
of cancer of the esophagus in humans. I got the impression 
that the significance of drinking green tea for cancer preven- 
tion in humans was beginning to be widely recognized in 
Western countries. 

Distribution of “H-EGCG in Organs 
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strongly indicated that’ the radioactivity was ,present 1 in the 
organs where EGCG and green tea extract had previously been 
shown to inhibit carcinogenesis2’ ’ 

Siqce’we Japanese drink green tea throughout the day, we 
wondered if duplicatea administrations of %I-EKG would 
enhance radioactivity in the organs. For a singie administra- 
tion, 3H-EGCG was administered into the mouse stomach and 
radioactivity in various organs was determined 6 h later. For 
duplicate administrations, rhe first and second administrations 
of3H-EGCG were given 6 h apart, and the radioactivity in the 
organs was similarly determined G h after thevecond adminis- 
tration. When the radioactivity in the various organs after a 
single administration and after duplicate administrations was 
compared, duplicate administration: enhanced incorporation 
of )H-EGCG by 4 to 9 times in most organs.‘” Radioactivity 
in blood and urine increased as well. We named this synergis- 
tic enhancement by EGCG the “Fujiki-Suganuma Effect,” 
which allows us to think that the more green tea we drink, the 
higher the concentration of EGCG we get in the target organs. 

To extend our study on the enhanced effects of duplicate 
administrations at the molecular level, human lung cancer cell 
line A549 was treated with EGCG from one to four times at, 
6 h intervals. We found that the expression of growth arrest 
and DNA damage-inducible gene (GADDl.53) was eontinu- 
ously enhanced depending on increased administrations, and 
that of the cyclin-dependent kinase inhibitor gene (pZIwR) 
was also enhanced.30 Thus, multipIe administrations of EGCG 
can easily increase the concentration of green tea polyphenols 
in the cells, and probably reach effective concentrations in vivo. 
This synergistic effect by multiple administrations of EGCG 
made it possible to link the high concentrations, of EGCG in 
the cell culture experiment and daily consumption amountS of 
green tea beverage in humans. 

Epidemiological Study on. Health Benefits 
for Humans 

The question of whether green tea has measurable cancer pre- 
ventive effects for humans was answered in the results of a 
prospective cohort study conducted by Drs. Kei Nakachi and 
Kazue Imai.3’ We were fortunate to have previously worked 
together at Saitama Cancer Center, which is located in Saitama 
Prefecture, a green tea producing area in Japan. 

In 1386, Nakachi and Imai surveyed 8,552 individuals 
aged over 40 with 90 questions on their living habits, includ- 
ing daily consumption of green tea. During the IQ years after 
1986, our colleagues found a total of 419 cancer patients, 244 
males and 175 females, among the participants in the cohort 
study. Table 3 shows the average age at ‘cancer onset and daily 
green tea consumption (cups/day) of cancer patients. Cancer 
onset of patients who had consumed over 10 cups of green tea 

@  2.005 The Japan Chrmkal Journal Forum an{ Wiley Periadicala, Inc. 

Tab& 3. Delayed cancer onset with daily green tea consumption 
‘(over 10 cups) f?om &cer patients in Saitanla Pre+ctute. 

I Green iea consumption (cups/day) 

23 G-9 ’ 210 
, 

Females I 
Average age at 

cancer onset G7.0 f 1.7 66.4 f 1.3 74.3 f 2.2 
(No. of canpr 

patients 175) (491 003 , (24) 
Males , 
Average age at 

cancer onset 65.Ok 1.5 68.2 ct 1.1 
(No. of cancef 

67.2ql.O 

patients 244) ’ (59) (114) (71) 

per day was 7.3 years later among females, and 3.2 years later 
among males, than those of patients who had consumed less 
than three cups per day. St The difference between females and 
males is partly due to higher tobacco consumption by males. 
Since the most effective indication of cancer prevention in 
humans is delayed cancer onset, this was the first clear evidence 
that drinking lots of green tea gives us longer, healtbier lives. 
The results ailowed us to determine the effective cancer pre- 
ventive amount to be 10 Japanese-size cups (about 120 ml/cup) 
of green tea per day, abour 2.5 g green tea extract. We now rec- 
ommend taking this amount daily for the general population: 
This first stage of cancer prevention with green tea leads to 
delay of cancer onset (Figure 12).32 

Nakachi and kis .associates found decreased recurrence of 
human breast cancer with increased consumption of green tea, 
from results obtained from 472 cancer patients at Saitama 
Cancer Center Hospital. In stage I and II cancer patients, the 
group consuming over five cups per day showed a lower recur- 
rence rate, I&7%, and- a longer disease-free period, 3.6 years, 
than those consuming fewer than four, cups per day, 24.3% 
and 2.3 years, respectively. 33 However, advanced breast cancer 
of stage III was not preventable: This suggests that green tea is 
more effective in the early stage of second tumor development, 
even after removal of the primary cancer, which will probably 
lead to more hopeful prognoses for breast cancer patients.33 

Encouraged, by the results, we moved on to cancer pre- 
vention for patients after cancer treatment, knowing that 
Japanese clinicians are eager to prevent recurrence of cancers.34 
We obtained some exciting results on prevention of polyp 
development after colorectal palypectomy, by those consum- 
ing 10 cups of green tea supplemented with green tea tablets 
produced by the Tea Experiment Station of Saitama Prefecture 
(Moriwaki, personal communication). We call this the second 
stage of cancer prevention with green tea for patients follow- 
ing cancer treatment (Figure 12).32 
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Fig. 12. Two stages of cancer prevention w&b green tea; before cancet onset for the general population and foilow- 
ing cancer treatment for patients. 

The late Ernst Wynder, a famous scientist in the field, of 
epidemiology at the American Health Foundation, Valhalla, 
New York, had studied lung cancer and cigarette smoking, and 
first introduced a filter into cigarettes many years ago. His col- 
leagues raised the question of why Japanese smokers had a 
lower incidence of lung cancer than American smokers even 
though Japanese and American smokers consumed similar 
amounts of tobacco: the average numbers of cigarettes per day 
in 1985 were 24.6 for Japanese. and 22.8 for Americans, 
whereas age-adjusted death rates per 100,000 from 1986 to 
1988 were 28.6 for Japanese and 56.9 for Americans.3’s Wynder 
and Hoffmann reported in 1994 that the astonishing differ- 
ence in lung cancer incidence rates was probably due to dif- 
ferent consumed amounts of tea: estimated annual per clpita 
consumption of tea from 1987 to 1989 was 0.96 kg green tea 
for Japanese and 0.34kg black tea for Americans.3’ In addi- 
tion, their colleagues reported chat green tea extract inhibited 
lung tumorigenesis more strongly than did black tea extract.” 
We thank Dr. Wynder for his enormausly ‘encouraging 
findings. 

Combination Cancer Prevention 

The term “Combination cancer prevention,” coined by M. 
Sporn was based on evidence that the. combined use of several 
drugs with different mechanisms of action exerted marked syn- 
ergistic preventive effects 3G We realized that many Japanese 
cancer patients take cancer preventive drugs and also drink 
green tea without knowing its cancer preventive activity. Japan- 
ese cancer patients are thus performing combination cancer 
prevention. Here, I will discuss the significant enhancement of 
cancer preventive activity by cotreatment with EGCG or green 
tea and a cancer prevenrive drug. 

My colleague, M. Suganuma, demonstrated that treat- 
ment with EGCG and sulindac, a :cancer preventive drug, 
induced apoptosis of PC-9 cells 20 times greater than did 

Table 4. Effects of cotreatrnent with EGCG and sulindac on gene 
expression. 

Relative expression level compared 
with control (fold) 

Genes 
EGCG 

EGCG Sulindac + Solinclac 

Up-regulated 
GAD@153 
p2PN 

0.87 0.78 11.61 
1.02 1.43 2.97 

Down-regulated 
T-plarmbogen activator 1.87 0.64 0.05 
TIM233 0.77 0.74 0.29 
IL-@ 0.78 0.95 0.30 
lnteprin 84 0.87 029 0.34 

EGCG or sulindac alone.“’ Sulindac sulfide, an active form, 
also showed enhanced apoptosis with EGCG, in much lower 
concentrations than sulindac, Moreover, the number of tumors 
per mouse among- multiple intestinaf neoplasia (Min) mice was 
reduced from 72.3 to 32 by a cambination of green rea and 
sulindac a decrease of 55 7% 37 . . 

To tnderstand rhe molecular mechanisms of synergistic 
effects on EGCG and sulindac, the expression patterns of the 
genes in the PC-9 cells treated with EGCG plus sulindac, 
EGCG alone, sulindac alone, and non-treated cells as control 
were compared. 38 Table 4 shows thar catreatment with EGCG 
and sulindac induced dramatic new up-regulation of 
ii’ADD153 and ~21~‘” gene expressions, about I2-fold and 
S-fold enhancement, respectively?” These genes were discussed 
previously. Another four genes were down-regulated to less 
than 0.3-fold by cotreatment. 38 In addition, our research group 
extended the study on combination cancer prevention, using 
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EGCG with retinoids. ‘Cotreatment with’EGCG plus Al-ham- 
retinoic acid and EGCG plus Y-cis-retinoic,acid also showed 
synergistic induction of GnlDD153 &e<e expression and apop- 
tosis, #whereas that with EGCG plus 4-hydrojrlphenylmti- 
namide showed only’ additive effects4’ ,It seems likely that 
combination cancer chemoprevention with green tea works for 
Japanese cancer patients by inducing a new additional cadcer 
preventive pathway, and by reducing the dosage and side effects 
of cancer preventive drugs. 

, 

Prof. Jim Wats&s Comments , 

In May 2002, I was fortunate to bd able to participate in the 
International Conference on Green Tea and Cancer: A Criti- 
cal Review, held at the Banbury Center of Cold Spring Harbor 
Laboratory. This conference was strongly supported by the 
Director, Prof. Jim Watson. However, remembering my time 
as a postdoc in his lab at Harvard IJni+ersity in 1970, I won- 
dered whether Dr. Watson had real interest in cancer preven- 
tion with green tea, since he was/is al pioneer of molecular 
biology. Dr. Watson listened closely while one of the organiz-, 
ers noted the success of the conference. When the organizer 
told him that the human epidemiological studies had proved 
inconclusive, Dr. Watson immediately answered. that since 
green tea prevented carcinogenesis in rodents, it should prevent 
it in humans as well, since humans and mice have similar 
genomes. It was strong encouragement :for green tea scientists 
like me, and I got the impression that Dr, Watson now believes 
in the cancer preventive effects of greed tea in humans. I was 
very pleased with the outcome of this conference, and grati- 
fied to find increasing interest in green tea. 

On the way back to Japan, I started to write the manu- 
script of my presentation at the Banbury Center, The manu- 
script appeared in the December 2002 issue of chncer Letim.32 
In February 2003, I received an e-mail from the publisher 
informing me that our paper entitled, “Green tea: cancer pre- 
ventive beverage and/or drug,” was one of the 20 most down- 
loaded articles from the journal in 2003. This e-mail was 
confirmation that interest in green tea is spreading all over the 
world. 

Conclusion 

Japanese people have the longest life span in the world: 85 
years for females and 78 years for males. When the Japanese 
priest Eisai, who brought seeds of the green tea plant to Japan 
as a medicine in 1191, wrote a book entitled “Kitsusa you-, 
jouki” (“Maintaining Health by Drinking Green Tea”} in 
1211, Eisai was 81 years old. We have now learned that many 
life-style related diseases including cancer can be partially pre- 
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vented by green tea,& healthy lifestyles.4’*42 It is indeed grat- 
if,,ing-to me to see Eisai’s visionary,discovery hut into practice 
some 8Ob years after he brought green tea to Japan with such 
great exbectations. This cancer prevention study on EGCG 
and green tea is based on the tradition of Japanese culture, pol- 
ishql by the knowiedge of natural product chemistry, which I 
learned from &of, Adolf A. Bucenandt at the Max-Plan& 
Institute for Biochemistry ia Munich, and the concept of 
cancer chemopmvention derived from US cancer. researchers. 

t 
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